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Ankle arthrodesis using computer assisted external fixator in
patients with end-stage ankle arthrosis
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ABST RACT
Objective. Ankle arthrosis is an end stage disease for the ankle that happens
because of posttraumatic arthropathies or inflammatory diseases. Ankle
arthrodesis is the gold standard for ankle arthritis. We present the functional
outcome for a mid-term follow up study of the patients who underwent trans
fibular ankle arthrodesis fixated with hexapod type external fixator through
a distal fibular grafting technique. Materials and Methods. A number of 18
patients with trans fibular ankle arthrodesis were included in this study, out
of which 6 were female and 12 were male. The mean age at surgery was 57.6
(ranging from 45 to 73). All the patients underwent follow up for a mean
follow up period of 27.5 months (ranging from 24 to 35 months). One of the
patients had undergone ankle-related surgery for 9 times. The others had
undergone 4 or more ankle-related surgeries. Results. Ankle fusions resulted
in bony union within postoperative 4.1 months (ranging from 3 to 6 months).
None of our patients had superficial or deep infection, soft tissue problems
or problems about the external fixator. The mean preoperative AOFAS score
was 52.4, and the postoperative AOFAS score was 78.2. We had 7 excellent
(38.8%), and 11 (61.1%) good results. We had two cm shortening in 2
patients, 1.5 cm shortening in 1 patient and 1 cm in 5 patients. Conclusions.
We have found this method to be useful to be applied to patients, especially
to those who undergo lots of surgeries and for whom amputation is a last
option.

Introduction
Ankle arthrosis is an end-stage disease for the ankle
joint that causes pain and ankle movement limitation.
There are lots of causes for ankle arthritis. The most
common reasons for this disease are inflammatory
situations, chronic ankle instability such as Charcot
arthropathies and related diseases, avascular necrosis of the
talus and posttraumatic arthropathies [1].
There are currently two surgical options for ankle
arthrosis: ankle arthrodesis (AA) and total ankle
arthroplasty (TAA). AA was known to be the gold standard
for end stage ankle arthritis (ESAA) [2].
Despite the improvement of the TAA implantation
techniques and materials according to the current
technological development, ankle arthrodesis is still the
primary surgical option for ESAA because TAA is more
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surgeon and technique-dependent according to the AA,
and TAA is still a strictly technically immature surgical
option [3]. AA is also a salvage option for failed ankle
arthroplasty.
AA is performed to eliminate painful ankle and to
obtain a more functional and stable joint. There are lots
of different techniques and fixation methods for AA. It
can be done through open surgery or arthroscopically and
fixations can be done with the help of screws,
intramedullary nailing, plates or through external
fixation.
In our study, we tried to explain our functional results
of AA, which were fixated with computer assisted hexapod
external fixator. We used distal fibula as a strut graft. There
is no publication in the literature to report functional results
over 2 years with computer-assisted ankle arthrodesis, as
far as we know.
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Materials and Methods
A number of 18 patients with trans fibular ankle
arthrodesis were included in this study. Out of them, 6 were
female and 12 were male. The mean age at the time of
surgery was 57.6 (ranging from 45 to 73). The mean
follow-up period was 27.5 months (24-35 moths). A
number of 5 patients had posttraumatic arthritis because of
pilon fracture- one patient had severe osteomyelitis, 1
patient had congenital pesplanovalgus, 1 patient had
sequala of pes equinovarus and 1 patient had posttraumatic
arthritis after trimalleoler fracture (Table 1). A number 3
patients had diabetes mellitus, 2 patients had rheumatoid
arthritis and 2 patients had osteoporosis, hypertension and
congestive heart failure. One of the patients had undergone
ankle-related surgery for 9 times. The others had
undergone 4 or more ankle-related surgeries. All the
participants were informed and the informed consent was
obtained. The study was approved by our Institutional
Review Board.

tissues. The ankle gap was measured, and four cortical
sticks made according to the measurement. Two of the
cortical sticks engrafted anteriorly and two other engrafted
posteriorly. Cancellous grafts and remaining cortical chips
grafts from the distal fibula were placed carefully to fill the
entire ankle joint (Figure 2).
A spatial frame hexapod external fixator was
established. The heel was placed in approximately 5degree valgus and the foot was placed in slightly external
rotation compared to the opposite foot and the neutral
flexion (Figure 3). Once the alignment was established,
secure fixation was made with HTEF. Careful compression
with HTEF was made to prevent shortening and to ensure
the full contact of the arthrodesis surfaces. The alignment
of the foot and the placement of the fixator was checked by
means of fluoroscopy. Weight-bearing with modified shoe
wearing was allowed immediately after surgery.

Table 1. Demographic characteristics and injury
mechanisms of the patients
Characteristics
Sex

Injury
Mechanism

Total

%

Female

6

33.3

Male

12

66.6

Fracture (Pilon,
trimalleoler etc.)

12

66.6

Pes equinovarus
sequel

1

5.5

Osteomyelitis

3

16.6

Congenital
pesplanovalgus

1

5.5

Surgical Technique
An incision was made over the lateral aspect of the
fibula beginning 10 cm proximal from the tip of the fibula
with care being taken to avoid the injury to the sural nerve.
Dissection is carried out to the basis of 4 metatarsals. The
distal fibula exposed totally from soft tissues and
osteotomy was performed at 6 cm proximal from the tip of
the fibula. All ligamentous attachments of the fibula were
resected, and the distal fibula was taken off entirely (Figure
1). The distal anterior part of the tibia dissected
subperiosteally, the anterior capsule of the ankle joint was
dissected, and so the distal tibia and the talus were
visualized completely. Both articular cartilages removed
with rongeur or burr and two smooth and no-cartilage
covered surfaces were obtained. The hexapod type external
fixator (HTEF) is applied in accordance with the surgical
procedure. With slight decompression, all the surface of the
ankle joint was visualized clearly and the surfaces in
inaccessible areas were completely regulated. The excised
distal fibula was peeled off from all cartilaginous and soft

Figure 1. All ligamentous attachments of the fibula
were resected and the distal fibula was taken off
totally 6 cm proximal to the tip of the fibula

Figure 2. Cancellous grafts and remaining cortical
chip grafts from the distal fibula were placed carefully
to fill the entire ankle joint

Figure 3. The heel was placed in approximately 5degree valgus and the foot was placed in slightly
external rotation compared to the opposite foot and
the neutral flexion
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Results
Ankle fusions resulted in solid bony union within 4.1
months postoperatively (ranging from 3 to 6 months) in all
the patients. All the patients underwent follow-up
radiologically and clinically for a mean follow-up of 27.5
months (ranging from 24 to 35 months). None of our
patients had superficial or deep infection, soft tissue
problems or problems about the external fixator.
All the patients were assessed with the American
Orthopedic Foot and Ankle Society (AOFAS) AnkleHindfoot scale and with Visual analog score (Vas)
according to their pain relief at the 6-month evaluation. The
AOFAS score aims at evaluating pain, function and
alignment of ankle-hindfoot. In our study, the mean
preoperative AOFAS score was 52.4, and the postoperative
AOFAS score was 78.2. We had 7 excellent (38.8%), and
11 (61.1%) good results. The preoperative mean VAS
score was 3.1 (ranging from 2 to 4), the postoperative VAS
score was 7.7 (ranging from 7 to 8) (Table 2). We had a
two cm shortening in 2 patients, 1.5 cm shortening in 1
patient and 1 cm in the others. We detected a slight valgus
deformity at the early postoperative period in 2 patients.
Due to HTEF’s flexible capability, we easily corrected the
deformity. All the patients had a plantigrade foot and were
happy because they had markedly reduced pain and they
could manage their social lives on their own.
Table 2. The comparison of the patients' preoperative
and postoperative AOFAS and Vas scores
Pre-op

Post-op (6th months)

AOFAS

52.4

78.2

VAS

3.1

7.7

In our study, we had bone union in all patients, about
4.1 months after the surgery (Figure 4).

Figure 4. Postoperative 4-year control X-rays of one
of our patients

Discussion
Painful ankle is a discomfort that severely affects the
social life of patients. Feeling pain in every ankle’s
movement and having to use painkillers continuously is a
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devastating mood for a patient. Painful ankle may result
from arthritis secondary to trauma, inflammatory
situations, chronic ankle instability such as Charcot
arthropathies and related diseases or avascular necrosis of
the talus, etc. Ankle arthrosis is the natural end of painful
ankle. Surgical interventions for ankle arthrosis are
arthroscopic debridement, excision of impinging
osteophytes and ankle arthrodesis (AA) or total ankle
arthroplasty (TAA) for severe cases [2]. The goal of
surgery is creating a pain free and plantigrade foot for
healthy weight bearing.
Although AA remains the primary surgical treatment
option for disabling ankle arthrosis [3], both AA and TAA
are effective treatments for ankle arthrosis. AA is a
definitive treatment for ankle arthrosis and, for that reason,
patients typically have excellent pain relief according to
TAA [4-6]. Although AA is highly superior in reducing
pain, the ankle arc of motion is preserved in TAA.
Nevertheless, reoperation and infection rates for the ankle
joints are higher at TAA according to AA [7]. As a matter
of fact, surgery of choice should be done by taking into
consideration the patient’s clinical and radiological
characteristics.
The major complication of ankle arthrodesis is
nonunion. The most important point of arthrodesis surgery
is fulfilling the basics of fusion biomechanics: joint
preparation, opposition and compression of joint surfaces
in a desired arthrodesis position, as well as stable and firm
fixation. If one or more of these rules are not fulfilled,
nonunion is unavoidable.
Union rates at larger series range from 90% to 95% [8].
Preoperative and postoperative factors may lead to
nonunion and, for that reason, avoidable factors should be
determined carefully before surgery. Screening studies
about this avoidable factor must focus on tobacco use, body
mass index (BMI), Vitamin D abnormalities, endocrine
disorders such as diabetes mellitus, thyroid dysfunction,
parathyroid disease, calcium dysregulation, autoimmune
disease, nutritional deficiencies, surgical site infection,
vascular problems and the usage of some pharmaceutical
agents such as high-dose corticosteroids and nonsteroidal
anti-inﬂammatory medications [9,10]. Postoperatively, the
most important factor is an inappropriate surgical
technique. The inadequate preparation of the arthrodesis
surface, thermal injury at the arthrodesis site or insufficient
fixation method are surgery-dependent and avoidable
factors. The accurate preoperative evaluation of the patient
and meticulous surgery decreases the risk for nonunion. In
our study, we had bony union approximately 4.1 months
after surgery. We did not have patients with nonunion.
We performed fibular osteotomy and placed it as strut
only graft to the arthrodesis site, which we included in our
study. Autologous bone graft can be used to help achieving
bone union if there is an infection, osteonecrosis of the
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talus, bone defects, as we had in our patients, and previous
nonunion [3]. The iliac crest is an acceptable source for
autologous bone graft, but it is associated with donor site
morbidity [11]. The distal fibula can be used as a graft in
different ways: ﬁbular-only strut graft, as a lateral buttress
[12], as slices of fibular bone graft [13], as intramedullary
fibular strut graft [14], as vascularized pedicled graft [15],
or as fibular strut only graft [16,17]. We peeled the excised
distal fibula from all cartilaginous and soft tissues and
prepared 4 cortical sticks. Two of the cortical sticks
engrafted anteriorly and other two engrafted posteriorly.
Cancellous grafts and remaining cortical chips grafts from
distal fibula were placed carefully to fill the entire ankle
joint. We achieved full bony union through this technique.
There are publications about two disadvantages of
making fibular osteotomy. First, the fibula is the most
important anatomic structure that supports the ankle joint
laterally [16]. Fibular osteotomy weakens the lateral
structures and leads to talus’s lateral migration and so, the
valgus deformity occurs at the ankle joint. We prevented
this disadvantage by using HTEF permanently. HTEF
made our work easier due to its three features. Firstly, if we
needed more clear visualization of the ankle joint, we
simply distracted the HTEF and compressed as much as we
wanted during the surgery. Secondly, when the correct
desired alignment of the foot was obtained, we used HTEF
to lock-in joint at this position firmly and we could easily
manipulate the joint. HTEF provides firm fixation in three
planes against bending, torsional and shearing forces.
Thirdly, we could directly see and adjust the disorders
related to the alignment of the foot in the postoperative
period.
The second disadvantage of fibular osteotomy is that it
makes it difficult to determine the center of the rotation of
the tibiotalar joint if we must convert ankle arthrodesis to
ankle arthroplasty [16]. Determining the center of rotation
of the tibiotalar joint plays an important role in TAA
surgery and, for that reason, fibulectomy is a relative
contraindication to the TAA [17]. Our selected patients had
undergone ankle-related surgery more than 4 times and all
of them had insufficient bone stock and severe osteoporosis
in the ankle joint. We did not need to convert ankle
arthrodesis to TAA because we applied this technique to
well selected patients [18].
After ankle arthrodesis, the arc of motion through
talonavicular and subtalar joints may increase. The firm
fixation may help prevent subtalar arthrosis in particular.
Adjacent joint disease in the future is an overlooked subject
after arthrodesis surgery. It may be necessary to conduct a
study on this topic in the future [19].
The small number of patients may be the weak point of
our study, because we carefully evaluated the patients for
surgical indications for this technique. Computer-aided
external fixator systems have the disadvantage of being

more expensive, besides the fact that there are advantages,
such as allowing more interventions after surgery and
obtaining better results with a good patient cooperation
compared to the classical external fixator application.

Conclusions
Ankle fusions resulted in bony union within
postoperative 4.1 months (ranging from 3 to 6 months) in
all patients. None of our patients had superficial or deep
infection, soft tissue problems or problems about the
external fixator. We had 7 excellent (38.8%), and 11
(61.1%) good results, with two cm shortening in 2 patients,
1.5 cm shortening in 1 patient and 1 cm in 5 patients.
Therefore, we have found this method to be useful if
applied to the patients who had undergone lots of surgeries
and for whom amputation is a last option.
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